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Abstract 
This paper describes numerical and experimental investigations on the motion of pulverised wood particles in turbu-
lent flows. The pulverised wood particles used in the study are highly anisotropic and typically of non-spherical 
shapes, with size varying between 125-1400 μm in diameter and 200-6000 μm in length. Several numerical models of 
particle dynamics for both spherical and non-spherical shapes are presented and validated against experimental data. 
The experiments are carried out for four types of wood powders with different shape and size. Three different tech-
niques are used during the experiments: vibrating sieve, microscopic image and aerodynamic classifier “Aeroklass”. 
Some discrepancies between measurements and the model simulations of non-spherical particles are observed, which 
motivates further improvement on the models. Influences of different factors such as, particle shape and anisotropy, 
on the pulverised wood dynamics are studied. The orientation of the non-spherical particles in turbulent flow is inves-
tigated as well. Based on the numerical and experimental results, a comprehensive new sphericity correlation is pro-
posed for the non-spherical particles. 
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1. Introduction 
A successful numerical simulation of the transport process of solid fuel particles in turbulent flows re-
quires a proper modelling of the particle dynamics. When particles are subjected to an external force, such 
as gravity or drag force, the particles will move in the force field. The particle size and shape are two of 
the most fundamental parameters describing particle dynamics. The velocity of the particles in the force 
field is particle size and shape dependent. Particles behave differently in different size ranges and are even 
governed by different physical laws. For example, particles only slightly larger than gas molecules are 
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governed primarily by Brownian motion, while large, visible particles are affected primarily by gravita-
tional and inertial forces [1].  
For pulverised wood particles, the shapes of the particle can be quite complex. Particle shape has often 
been acknowledged using a shape factor in the equations describing the particle motion. There are several 
methods for prediction of the motion of non-spherical particles based on shape factors such as, sphericity 
and volumetric shape factor. Moley et al. [2] discussed several shape factors and indicators for characteri-
zation of particle shape of non-spherical particles. Clift et al. [3] indicated that sphericity is not always a 
good basis for predicting the particle motion, except for oblate shapes with sphericity approaching unity. 
On the other hand, Xie and Zhang [4] argued that the particle sphericity is properly the most frequently 
referred particle shape factor of non-spherical particles. This might be due to that other shape factors 
could be expressed as a function of sphericity shape factor. For example, the Stokes shape factor is corre-
lated to the sphericity shape factor [4]. 
 The aim of the present work is to develop and validate mathematical models for non-spherical particle 
dynamics to improve numerical simulations of the motion of biomass particles inside industrial furnaces 
and in other transport processes. An experimental rig is developed to characterize the motion of typical 
pulverised wood particles. The experimental results are used to systematically evaluate the simulation 
results from various particle models. Based on this a new particle model is developed for typical pulver-
ised wood particles used in industrial power plants. 
2. Experimental setup 
The experimental rig is schematically 
illustrated in Fig.1. Airflow of 0.6 m/s is 
supplied from the let side of the rig. 
Near the air inlet and on top wall of the 
rig a particle feeder (with a diameter of 
50 mm) is mounted. Particles are 
dropped by gravity through the feeder 
into the rig where they are transported 
by the inflow airflow. Due to gravity the 
particles fall in the vertical direction to 
the bottom of the rig, and meanwhile due 
to horizontal airflow the particles are 
transported in the horizontal direction 
downstream. The trajectory of the parti-
cles depends on their size and shape. On 
the bottom of the rig, seven boxes are 
placed, where the particles of different 
size and shape are collected. The mass of 
the particles in the seven boxes is meas-
ured. The rig is referred here as the aer-
odynamic “Aeroklass” rig.  
The size of the particles in different boxes is characterized using vibrating sieve of model Retsch AS 
200 Basic. The shape of the particles is studied using microscopic photography. In the experiments four 
different wood particles are investigated. The particles are sampled from four different Swedish power 
plants, i.e. from Valbo, Enköping, Hässelby and Norberg. The wood powder from Enköping is produced 
using a hammer mill while the wood powder from Hässelby is made from a ball-ring mill. The wood 
Fig. 1 Illustration of the rig. The dashed lines indicate the boxes.  
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powder from Norberg is ground directly from raw materials without palletising. From analysis of the mi-
croscope image of these samples, the wood particles are assumed to be of cylindrical shape in the mathe-
matical modeling. The density of these particles is about 750 kg/m3. From the sieve measurements and 
microscope image analysis the mass fractions of the particles in different size groups are determined. The 
results are given in Table 1.  
Table 1 The particles studied in the experiments. Dp: particle diameter, Lp: particle length; MF: mass percentage. 
Dp (μm) 125 250 500 710 850 1000 1400 
Lp (μm) 200 300 700 2000 3000 4000 6000 
MF Enk 14.3 21.9 42.6 18.7 2 0.5 0 
MF Has 8.1 14.7 30.9 23.6 8.3 8.1 6.3 
MF Nor 32 26.4 30.2 9.2 1.4 0.6 0.2 
MF Valb 2 15 37 34 8.5 2.5 1 
3. Mathematical modelling, results, and discussion 
The flow field is modeled using Reynolds averaged Navier-Stokes equations and k-ε turbulence 
model, while the trajectories of the particles are obtained by integrating the equation of particle motion. 
The motion of the particles is written as Md

U / dt =M

g+

F , where M is the mass of the particle, 

U is the 
velocity of the particles, M

g  is gravitational force (pointing vertically downwards) and 

F  is the drag 
force. The drag force is modelled using a drag coefficient and a particle projected area to the flow direc-
tion (APR) [4-6]. APR can be modelled using two different methods; stochastic and deterministic. Since 
particles are moving randomly, APR changes continuously depending on the particle orientation. A litera-
ture survey is carried out for the various models for the drag coefficient. The following models are evalu-
ated in the present study: 
• Model M1 is based on the work of Rosendahl [7]; the model is developed for different shape particles, 
sphere, cylinder, and ellipsoids. It was validated with measurements and good agreement was reported. 
This shape correlation is valid for particle Reynolds number Re ≤ 1000. 
• Model M2 and M6 are based on the work of Haider and Levenspiel [8] developed for spherical and 
non-spherical particles. The models were reported to represent nearly 500 data points satisfactorily. 
• Model M3 is based on the work of Ganser [9], who suggested a drag force correlation and argued that 
every particle experiences two regimes; a Stokes’ regime where the drag force is linear in velocity and 
a Newton’s regime where the drag force is proportional to the square of velocity. He thus introduced 
two shape factors applicable in the Stokes and Newton’s regimes, respectively. 
• Models M4 and M7 are based on the work of Swamee and Ojha [10] who put forward a model appli-
cable in the ranges of 0.2 < Ψ < 1 and 1 < Re < 10000, where Ψ is the sphericity. The resulting errors 
are reported of the order of 20%. 
• Model M5 is based on the work of Chien [11] applicable in the ranges of 0.2 ≤ ψ ≤ 1 and Re < 5000. 
• Model M8 is based on the work for classical spherical particles; this is for comparison with the non-
spherical particles discussed above. 
• Model M9 is based on the work of Haider and Levenspiel [8] for spherical particles. 
• Model M10 is based on the work of Clift et al. [3] for spherical particles. 
It is found that APR has a great influence on the particle motion. Since none shape factor presented in 
the literature for non-spherical particles was considering this important parameter, we propose here a new 
sphericity correlation, which considers the projected area. The new sphericity is defined as Ψ= 
(AvAs)
2/APR, where Av is the area of sphere having the same volume as the non-spherical particle, As is the 
area of sphere having the same surface area as the non-spherical particle. 
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The governing equations for the turbulent flow and the equation for the particle motion are solved nu-
merically using an in-house finite difference code [12]. Grid sensitivity and particle size group sensitivity 
study were carried out to determine the 3D grid used in the CFD study of the Aeroklass flow field and 
size group in the particle dynamics. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Mass fractions of particles in each collecting box of the Aeroklass, calculated using M2 and from experiments (EXP). 
 
To give an example of the model results, Fig. 2 shows the numerical results and measurements of the 
percentage mass of particles in each box of the Aeroklass rig. M6 represents calculations of model M6 
with the original shape factor [8] and M6 New is model M6 using the new sphericity proposed in this 
work. The new sphericity is validated with a wide range of models. It is found that the new sphericity with 
the particle aerodynamic area yields very good results compared with the “old” shape factors.  
When particle moves with its fibre direction perpendicular to the flow field, particles fly shorter dis-
tance due to large drag force. On the other hand, if the particle moves with its fibre direction parallel to 
the flow, the drag force will be less dominant and the particles are able to move longer distance and tend 
to follow the flow field. There are controversial discussions in the literature on the particle orientation, 
and some argued that the particles might randomly orient themselves in a turbulent flow. Our present 
study indicates that the axis of non-spherical particles is neither perpendicular nor parallel to the flow di-
rection. The particles seem to orientate themselves to a preferred direction. 
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